Human aging is a complex, multifactorial process influenced by a number of genetic and non-genetic factors. This article first reviews genetic strategies for human aging research and considers the advantages and disadvantages of each. We then discuss the issue of phenotypic definition for genetic studies of aging, including longevity/life span, as well as disease-free survival and other endophenotypes. Finally, we argue that extensions of this area of research, including incorporation of gene × environment interactions, multivariate phenotypes, integration of functional genomic annotations, and exploitation of orthologymany of which are already initiated and ongoing -are critical to advancing this field.
Introduction
Human aging is a complex, multifactorial process influenced by a number of genetic and non-genetic factors. The identification of genetic variations that influence age-related phenomena such as disease-free survival, post-disease survival, and lifespan in general has received considerable attention and will likely receive even more attention in the future as genetic technologies become more refined and cost-efficient. In this review, we describe the basic approaches to the identification of genetic variations that influence human longevity and longevity-related phenotypes. Although we focus on truly genetic strategies (i.e., strategies involving the transmission of genetic information from generation to generation) for human aging research, as opposed to evolutionary, model organism, and purely genomic and/or somatic cell-based approaches, we draw on these other approaches when appropriate. We also consider the advantages and disadvantages of various approaches as well as directions for future research. We note that some recent reviews have also evaluated the merits of different genetic approaches to the study of human aging and we refer the reader to these reviews for additional insights and references (Tan et Table 1 also provides a list of genetic studies investigating human aging and age-related phenotypes that the reader might consider for further insight into the application and interpretation of genetic research paradigms in studies focusing on human aging.
Genetics vs. genomics
Although at times subtle, the distinction between 'genetics' as a scientific discipline replete with specific research paradigms, and 'genomics' as a scientific discipline is an important one since it puts into context the orientation, rationale and required resources for particular approaches. Genetics is essentially the study of inherited variations that populate DNA sequence. Genetics considers phenomena such as recombination, gene conversion, aneuploidy, and mutation. These are phenomena that influence inheritance patterns as well as the frequency of variations in the population. Many mathematical constructs and theorems have been developed to describe phenomena of relevance to the study of inheritance, such as Mendel's laws and Hardy-Weinberg equilibrium, which describe the probability that an individual transmits one of the two variations within his or her homologous chromosomes to an offspring, and the behavior of variations in the population at large under the assumption of random mating, respectively.
Genomics, on the other hand, involves the study of the composition, structure and function of DNA sequence. Genomics researchers often seek to identify patterns in DNA sequence, such as the typical nucleotide composition of coding regions in the genome
